INTRODUCTION {#sec1-1}
============

One of the most important objectives during root canal instrumentation is the removal of vital and / or necrotic pulp tissue, infected dentine and dentine debris in order to eliminate most of the microorganisms from the root canal system (European Society of Endodontology 1994, American Association of Endodontists 1998).

Debris is defined as dentine chips and residual vital or necrotic pulp tissue attached to the root canal wall, which in most cases is infected.\[[@ref1]\] The apical third of the root canal is the most difficult area to clean due to complex anatomy of this region like deltas, lateral canals, isthmuses and ramifications.\[[@ref2]\]

Despite the advances made in instruments and instrumentation techniques, the design and the physical limitations of the endodontic instruments can lead to inadequate cleaning of the root canal system. Shaping procedures can be completed more easily, quickly and predictably using NiTi rotary instruments, but effective cleansing of the root canal system, especially in the apical one third, has not yet been demonstrated.\[[@ref2]--[@ref4]\] Both manual and mechanical instrumentation leave debris in the root canal space.\[[@ref5][@ref6]\]

The introduction of hand ProTaper instruments and the paucity of studies comparing hand and rotary ProTaper instruments prompted us to carry out this study. The aim of the study was to compare the cleaning efficacy of manual and rotary instruments in the apical third of the root canal system.

MATERIALS AND METHODS {#sec1-2}
=====================

Thirty-three extracted, single-rooted human mandibular first premolars with single canal and completely formed roots were selected and placed in 3% sodium hypochlorite for 30 minutes and then stored in normal saline.

The teeth were randomly divided into three groups of 10 teeth each.

Three teeth were used as negative controls in which no procedure was carried out.

Conventional access was made and working length was determined 0.5 mm short of the apical foramen using \#10 K-file. To standardize the patency of the apical foramen, teeth with apical diameter larger than size 15 K-file were excluded from the study. Apical foramen was sealed using modeling wax.

Group 1 {#sec2-1}
-------

Teeth were prepared with stainless steel K-file (Mani INC, Tochigi, Japan). Coronal flaring was performed with Gates Glidden burs \#2 and \#3.

Instrumentation was done with double flare technique, using balanced force motion, till apical size 30.

Group 2 {#sec2-2}
-------

Teeth were prepared with ProTaper Universal hand files (Dentsply Maillefer, Ballaigues, Switzerland) in sequential order till F3 at the working length according to the manufacturer\'s instructions.

Group 3 {#sec2-3}
-------

Teeth were prepared with ProTaper Universal rotary files (Dentsply Maillefer) with gentle in-and-out motion till F3 at the working length according to the manufacturer\'s instructions using an endodontic engine (X-Smart; Dentsply Maillefer) at 250 rpm.

Teeth were irrigated 1 mm short of the working length with 2 ml of distilled water after the use of each instrument , and 10 ml of distilled water was used as final flush. Irrigation was performed using 30-G Max-i-probe needle (Dentsply, Rinn, Elgin, IL, USA).

The apical third of each root was sectioned transversally and stored in 10% formalin for 12 hours till histological processing. The samples were then washed, decalcified with 10% nitric acid and embedded in paraffin. Three cross sections (5 *μ*m) were randomly obtained from each tooth. A total of 99 sections were obtained and stained with hematoxylin and eosin. The cross sections were examined with an optic microscope (×40) coupled to a computer. The images were recorded and the percentage of debris was calculated using Motic software in square micrometers. The data were statistically analyzed using nonparametric analysis of variance (ANOVA) Kruskal--Wallis test and the level of significance was set at *P* \< 0.05. SPSS version 12 software was used for statistical analysis.

OBSERVATIONS AND RESULTS {#sec1-3}
========================

All the Instrumentation techniques were relatively efficient in debriding the apical one-third of the root canal system. The control group showed pulp remnants and unplaned walls \[[Figure 1a](#F1){ref-type="fig"}\]. Stainless steel K-files showed the least amount of debris \[[Figure 1b](#F1){ref-type="fig"}\], followed by hand ProTaper files \[[Figure 1c](#F1){ref-type="fig"}\], and the group instrumented with rotary ProTaper files demonstrated maximum amount of debris \[[Figure 1d](#F1){ref-type="fig"}\]. There were no statistically significant differences between the three experimental groups \[[Table 1](#T1){ref-type="table"}\].

![Histological picture of (a) control group; (b) group 1 (stainless steel K-file); (c) group 2 (hand ProTaper); and (d) group 3 (rotary ProTaper)](JCD-14-237-g001){#F1}
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DISCUSSION {#sec1-4}
==========

All the instrumentations of the pulp space leave debris in the root canal.\[[@ref3][@ref6][@ref7]\] This debris increases the risk of bacterial contamination which may lead to the failure of endodontic treatment.\[[@ref8]\] Debris may be compacted along the entire length of the canal surface and results in reduced adaptation of sealer and gutta-percha.

Considering the major objective of the present investigation, irrigation was performed with distilled water, avoiding any associations of different irrigation solutions.

All the three groups failed to produce completely clean canals. This is in accordance with other studies which were performed to evaluate the debriding ability of various instruments.\[[@ref4][@ref7][@ref9]--[@ref13]\]

In addition, it was observed that some areas were uninstrumented, indicating that complete canal instrumentation was not achieved. Moreover, an irregular secondary dentine is associated with the physiological aging of the root\[[@ref14]\] so that surface morphology, especially in the apical region, is far from smooth.\[[@ref9]\] This could contribute to higher debris scores in the apical third of the canal.

Histological evaluation revealed that stainless steel K-files showed better cleaning efficiency with the least amount of debris, followed by hand ProTaper files, and ProTaper rotary files were least effective with maximum amount of debris. The results indicated that manual instrumentation appeared superior to rotary instrumentation for the debridement in the apical third of the root canal system, but this difference did not reach statistical significance. This observation is in agreement with that of other studies.\[[@ref9][@ref12][@ref15]\]

F2 and F3 are more inflexible as compared to F1 which is of great clinical importance because leaving the file (rotary) in the canal for longer than 1 second can result in increased cutting of the apical portion\[[@ref16]\] and hence increased debris formation. With the new ProTaper Universal manual and rotary F3 files, a U-shaped groove has been incorporated in the middle of each side of the convex triangular design to increase its flexibility in the apical third.\[[@ref17]\] The use of F3 files resulted in better canal shape and less uninstrumented canal walls, but may have resulted in increasing the debris within the canal.\[[@ref16]\]

The group instrumented with stainless steel K-files produced the least amount of debris \[[Figure 2](#F2){ref-type="fig"}\], which could be attributed to the 0.02 taper. Lumley P. J. suggested that 0.02 taper instruments allow greater apical debridement when compared to greater taper instruments. When instrumentation is performed with files of greater taper, a false sense of tightness is created due to coronal binding of the flutes, but the apical part of the file may be lying passively within the canal.\[[@ref18]\]

![Box-and-Whisker plot of percentages of debris in the three instrumentation groups](JCD-14-237-g003){#F2}

Enlargement of wide canals using ProTaper files resulted in 43--49% uninstrumented canal walls.\[[@ref19]\] ProTaper instruments have multiple and progressively changing tapers along the length of their cutting blades, which reduce the contact area between the dentin and the file.\[[@ref20]\] This may have resulted in less area of the walls planed and greater debris scores.

Debris area measurements were slightly greater for the canals instrumented with NiTi instruments. NiTi rotary instruments, due to their superelastic property, are not suitable for exertion of lateral pressure, therefore leaving many areas untouched by the instrument in oval shaped canals. Stainless steel instruments are stiffer than NiTi instruments and can be easily forced with less risk toward the root canal walls and the polar recesses following the natural canal shape and prepare the root canal walls.\[[@ref7]\]

High debris in group 2 as compared to group 1 could be attributed to the aggressive nature of the ProTaper finishing files, although the results were not statistically significant.

Better cleaning efficiency of hand instrumentation may be due to the fact that increased number of rotations in apical one third is produced with rotary as compared to manual technique which may also have resulted in increased debris with rotary technique.

When an instrument is engaged toward its apical extent, greater torsional forces exist because of the distance between the torque generator (handle) and the resulting working torque at the apical extent of the file.\[[@ref20]\] Torque controlled handpiece autoreverses in the canal when it binds in the apical one third and begins to rotate backward the standard two revolutions and then reverts to the original direction of rotation. It is important to be aware of this occurrence to remove the file from the tooth to clean the debris from the flutes.\[[@ref21]\] This may be attributable to the deposition of debris in the apical one third.

It was our impression that the rotary instrumentation with ProTaper files was less time consuming, followed by hand ProTaper files and stainless steel K-files, respectively. This is beneficial for cleaning of the root canal, increasing the time of contact between the irrigants and their substrate.\[[@ref22]\] It has to be taken into consideration that the cleaning efficiency of the different instruments might be further improved using a combination of NaOCl and EDTA solutions.

Apart from instrumentation and instrumentation techniques, other factors such as amount of root canal wall, irrigating regimens and curvature of the canal play a significant role in cleaning and shaping. Factors to be considered for the selection of instruments should be based on speed and ease of use, canal shaping ability, reduced apical transportation and the reliability of instrument under mechanical stress. The choice between manual, rotary and combination instrumentation techniques has to be made by the operator on a case to case basis, avoiding a generalized protocol.
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